Study Objectives: We examined the association between social factors and sleep difficulties among the victims remaining at home in the Ishinomaki area after the Great East Japan Earthquake and Tsunami and identified potentially modifiable factors that may mitigate vulnerability to sleep difficulties during future traumatic events or disasters. Design: A cross-sectional household survey was conducted from October 2011 to March 2012 (6-12 mo after the disaster) in the Ishinomaki area, Japan. Univariate and multivariate logistic regression models were used to examine associations between social factors and sleep difficulties. Participants: We obtained data on 4,176 household members who remained in their homes after the earthquake and tsunami. Interventions: N/A. Results: Sleep difficulties were prevalent in 15.0% of the respondents (9.2% male, 20.2% female). Two potentially modifiable factors (lack of pleasure in life and lack of interaction with/visiting neighbors) and three nonmodifiable or hardly modifiable factors (sex, source of income, and number of household members) were associated with sleep difficulties. Nonmodifiable or hardly modifiable consequences caused directly by the disaster (severity of house damage, change in family structure, and change in working status) were not significantly associated with sleep difficulties. Conclusions: Our data suggest that the lack of pleasure in life and relatively strong networks in the neighborhood, which are potentially modifiable, might have stronger associations with sleep difficulties than do nonmodifiable or hardly modifiable consequences of the disaster (e.g., house damage, change in family structure, and change in work status).
INTRODUCTION
Sleep difficulties are one of the most common presenting symptoms after disastrous events, 1 and are known to have detrimental effects on psychological health. For example, sleep difficulties are a symptom of and may be a risk factor for posttraumatic stress disorder 2, 3 and other mental health problems, such as depression and anxiety. [4] [5] [6] Sleep difficulties may also be a predictor of suicidal behavior in depressed patients. 7, 8 The chronic nature of sleep difficulties and the associated impaired daytime functioning [9] [10] [11] can impose an excessive economic burden on disaster-affected communities, affecting direct and indirect costs. 12, 13 The Great East Japan Earthquake and Tsunami, which occurred on March 11, 2011 , devastated sizeable areas of the Pacific coastal regions of eastern Japan and jeopardized the fundamental aspects of survivors' lives and their communities. The earthquake triggered powerful tsunami waves that reached heights of up to 15 m (50 feet) in the fishery port of Onagawa and 5 m (16 feet) in the Ishinomaki area ports.
14 The Ishinomaki area in Miyagi Prefecture was destroyed or heavily damaged by the tsunami.
However, less is known about the role of social factors in the sleep difficulties experienced by disaster-affected populations. Several epidemiological studies have investigated the association between sleep difficulties and socioeconomic factors in the general population, and lower income, [16] [17] [18] [19] less education, 17, 19 and disadvantages in employment (unemployment, 16, 17 engagement in manual labor, 20 and lower employment grades 21 ) were found to be associated with sleep difficulties. Others have focused on a wider range of social factors, including social networks and social capital in relation to sleep difficulties. Nomura et al. focused on social capital in relation to self-reported sleep difficulties and reported that lack of social support was associated with sleep difficulties. 22 Steptoe et al. reported that negative psychosocial factors, including financial strain, social isolation, low emotional support, negative social interactions, and psychological distress, were related to sleep difficulties. 23 We believe that it is important to investigate the association between various social factors and sleep difficulties in a disaster-affected population given the major psychosocial effect of sleep difficulties and the various effects of natural disasters on social factors (e.g., place of residence, finances, and social ties among residents).
The effects of social factors on health, referred to as social determinants of health, have been attracting increasing attention. Among the models of health determinants, that of Dahlgren and Whitehead, which has been cited widely, highlights the existence of a broader range of determinants of health that are beyond the direct influence of individuals. 24 This model describes determinants of health in terms of layers, beginning at the individual level (e.g., biology and individual behavior) and extending to societal levels (e.g., social and community networks; living and working conditions; and general socioeconomic, cultural, and environmental conditions; Figure 1 ). We considered this model useful for providing a framework for organizing data on social factors as well as for discussing the effects on health.
In this study, we sought to examine the association between social factors and sleep difficulties in the wake of a natural disaster using data from a survey in the Great East Japan Earthquake and Tsunami-affected area using Dahlgren and Whitehead's model. In particular, we sought to identify potentially modifiable factors associated with sleep difficulties that could be targeted for interventions and strategies that would reduce vulnerability to sleep difficulties and the associated adverse psychosocial consequences of future traumatic events or disasters.
METHODS

Participants
After the Great East Japan Earthquake and Tsunami, a faceto-face survey using a semistructured questionnaire was carried out in the Ishinomaki area between October 2011 and March 2012 (6-12 mo after the disaster) by interviewers belonging to the Health and Life Revival Council in the Ishinomaki district (RCI). 25 The RCI, which was composed of a number of private bodies, including a clinic and nonprofit organizations, started its activities in November 2011 and aimed to provide rapid and appropriate support in response to the needs of stay-at-home victims in the Ishinomaki area who suffered during the Great East Japan Earthquake and Tsunami. In total, 326 interviewers visited each remaining house in the area, including those with severe damage, and conducted interviews of earthquake/ tsunami victims who remained at home. All interviewers were trained using both an instruction manual and on-the-job learning by attending home visits with experienced interviewers.
The primary objective of the survey was to assess the living conditions and health status of stay-at-home victims to provide appropriate support. This target population was selected because victims staying at home were provided less support by governmental agencies than those living in temporary shelters. This population of approximately 8,700 households remained at home despite serious damage to their houses. Many were, in fact, living only on the second floor of their houses because the tsunami had swept out the first floor completely.
The questionnaire comprised the following three sections: household demographics, social backgrounds, and the health condition of the individual most in need of medical support. We obtained data on 4,176 household members who agreed to be interviewed with the written form. Ethical approval for this study was obtained from the Institutional Review Board of Teikyo University (reference number: 12-079).
Measurements
Sleep Difficulties
The presence of sleep difficulties was evaluated with the question: "Do you have any psychological symptoms?" The following seven possible responses were provided: (1) sleep difficulties, (2) depressive mood, (3) disturbed living routine, (4) loss of interest or joy, (5) sense of an unsatisfactory life, (6) sense of hopelessness, and (7) suicidal ideation. Other symptoms mentioned by the respondents were recorded in (8) as "other." The respondents could choose as many items as they thought applicable. Respondents who selected (1) sleep difficulties were regarded as having sleep difficulties, and others were regarded as not having sleep difficulties.
All questionnaires, including those reporting the presence of psychological symptoms, were answered by the representatives of households. Thus, the presence of sleep difficulties was not necessarily reported by the individual who experienced the psychological symptoms. During the period of our survey, many of the victims living at home were still compelled to live and sleep in restricted spaces in their houses, which had been severely damaged by the earthquake and tsunami. They were also much more concerned about how others were coping with the difficulties in their lives than they had been before the disaster. We thought it was reasonable to assume that each household member would know whether others in the household were sleeping well. For this reason, we identified sleep difficulties based on reports made by the representatives of the household about concerned individuals in addition to those based on reports by and about the individuals themselves.
Demographics
The sex and age of the person who reported psychological symptoms were obtained as basic demographic information. Age was treated as a continuous variable, and age was analyzed in 10-y units.
Social Determinants of Health
We classified social factors into three sets of categories in accordance with the model of the determinants of health introduced by Dahlgren and Whitehead ( Figure 1 ): (1) social and community networks; (2) living and working conditions; and (3) general socioeconomic, cultural, environmental conditions. Social and community networks were assessed by means of six items: having pleasure in life, having someone to consult about problems (even by phone), having friends in the neighborhood, having someone to whom to report an emergency (even by phone), having interaction with neighbors, and having routine chances to talk with others. We included having pleasure in life as a variable related to social and community networks given that having pleasure in life is facilitated by experiencing activities, communication, and the sense of inclusion provided by participation in social and community networks. Thus, we treated having pleasure in life as a consequence of engaging in social and community networks. Interaction with neighbors was rated in five categories: (0) none; (1) only greetings; (2) only chatting; (3) visiting one another; and (4) exchanging favors. The other items were responded to dichotomously.
Living and working conditions were assessed by means of information about the source of the household's income, the number of household members, households that comprised only those who were individuals age 65 y or older (hereafter referred to as elderly household), changes in family structure or working status, and local government recognition of the severity of house damage. The source of income was selected from the following four categories: (1) only salary; (2) only pension; (3) public livelihood assistance; and (4) pension and salary. The number of household members was divided into four categories: (1) one; (2) two; (3) three; and (4) more than three. The severity of house damage was rated on a five-point scale: (0) none; (1) partially destroyed; (2) half destroyed; (3) largely destroyed; and (4) totally destroyed. The other items were responded to dichotomously.
General socioeconomic, cultural, and environmental conditions were assessed by means of information on the residential area (Table 1) , the existence of a community hall in the residential area, and the existence of a community. The residential area was divided into eight categories, and other items were responded to dichotomously. We ascertained the existence of a community hall by asking only whether there were any community halls in the residential area because the earthquake and tsunami destroyed many of these structures, which are typically available to residents as places to gather. We determined the existence of a community as an informal association or group of people who were loosely connected in a neighborhood by asking interviewees.
Statistical Analyses
Logistic regression analyses were used to examine statistical associations between the outcome variable (sleep difficulties) and the explanatory variables, including sex, age, having pleasure in life, having someone to consult about problems, having friends in the neighborhood, having someone to whom to report an emergency, having interaction with neighbors, having routine chances to talk with others, source of income, number of household members, elderly household, change in family structure, change in working status, severity of house damage, residential area, existence of community hall(s) in the residential area, and existence of community. First, we conducted a univariate analysis for each explanatory variable. Next, we calculated the odds ratios (ORs) with 95% confidence intervals (95% CIs) adjusted by all variables (multivariate model), which we treated as the primary analysis. In these models, missing data were excluded from the analysis.
We also conducted three supplementary analyses. The first analysis applied the multivariate model to the data on the presence of sleep difficulties that were obtained from and about the interviewees themselves. Second, we applied a multivariate model using a stepwise method for all variables (inclusion and exclusion criteria = 0.3 for each) to improve statistical power. Finally, a multiple imputation (MI) method was used for the final model under the assumption of missing at random to handle missing data. 26 We treated all variables, except age, as categorical variables (dummy coded). All analyses were performed using the SAS Enterprise Guide software (version 4.3; SAS Institute, Cary, NC, USA). All tests were two sided, with a significance level of 5%.
RESULTS
The characteristics of respondents and the prevalence of sleep difficulties are shown in Table 1 . Female respondents comprised 51.3% of participants. The mean age (standard deviation [SD]) was 65.5 (16.2) y, and nearly half were age 65 y or older. One-person households accounted for 13.3% of the respondents, whereas about one-fourth of households (25.5%) consisted only of individuals age 65 y or older. A total of 38.5% of respondents' houses were recognized by the local government as being totally destroyed. Moreover, 18.5% of respondents experienced a change in family structure, whereas 37.1% experienced a change in working status due to the earthquake and tsunami. The prevalence of sleep difficulties was 15.0% (9.2% male, 20.2% female). Females, those who lived on public livelihood assistance, those who did not have anyone to whom to report an emergency, and those who did not have interaction with neighbors were more likely to report sleep difficulties. The proportions of missing values were below 10.0%, except for sex (12.4%) and having someone to whom to report an emergency (11.2%).
The multivariable analysis (Table 2) showed that being female (OR = 2.67, 95% CI = 2.07-3.46 versus male sex), not having pleasure in life (OR = 1.37, 95% CI = 1.07-1.76 versus having pleasure in life), living on a pension (OR = 1.58, 95% CI = 1.09-2.27 versus living on salary) or public livelihood assistance (OR = 4.40, 95% CI = 1.53-12.65 versus living on salary), and having one person (OR = 1.69, 95% CI = 1.07-2.67 versus more than three) or two persons (OR = 1.44, 95%CI = 1.04-1.99 versus more than three) in a household were negatively associated with sleep. However, having interaction with neighbors (visiting one another) (OR = 0.42, 95% CI = 0.24-0.74 versus not having interaction with neighbors) was positively associated with sleep. Factors that were related directly to the disaster, such as severity of house damage, change in family structure, and change in working status, were not significantly associated with sleep difficulties.
The supplementary analyses, in which we used the multivariate model with more strictly defined parameters for sleep difficulties (i.e., the presence of sleep difficulties was coded only when they were reported and experienced by the interviewees themselves), yielded results similar to those produced by the primary ones. The directions of the effects of all variables were unchanged (Table 3) . Further, the stepwise regression method and the MI method applied to the multivariate model also showed similar tendencies, and the directions of the effects on the variables were the same as those in the primary multivariate model, although some of the variables were no longer statistically significant with the MI method (data not shown).
DISCUSSION
We assessed the role of a wide range of social factors associated with sleep difficulties in a large population-based sample of stay-at-home victims of the 2011 Great East Japan Earthquake and Tsunami. The analysis identified potentially modifiable factors related to social and community networks (not having pleasure in life, not having interaction with/visiting neighbors) that were associated with sleep difficulties. Three nonmodifiable or hardly modifiable factors (sex, source of income, number of household members) were also associated with sleep difficulties. In contrast, nonmodifiable or hardly modifiable consequences caused directly by the disaster, such as severity of house damage, change in family structure, and change in working status, were not significantly associated with sleep difficulties.
Comparison with Other Studies
Sleep difficulties are widely recognized as one of the most common symptoms after disastrous events. Kato et al. reported that sleep disturbance was the most common symptom after the 1995 Hanshin-Awaji earthquake in Japan among 143 individuals (63% at 3 w postdisaster, 46% at 8 w). 27 Similarly, Varela et al. reported that among 305 individuals 1 y after the 1999 Athens earthquake in Greece, 55% developed sleep disorders, 60% of which were insomnia. 28 Compared with those reports, the prevalence of sleep difficulties we report here is by no means high. Rather, it was similar to that in the general Japanese population, which was reported to be 11.7% for males and 14.5% for females by the National Health and Nutrition Examination Survey in 2010. 29 Other studies reported prevalences of 4% to 21%. [30] [31] [32] These discrepancies may be due to variations in the interval between the earthquake and the date of the survey.
Sleep disturbances are a part of the normal response to trauma but usually diminish with time. 3 Our survey was conducted at least 6 mo after the earthquake, which might have been enough time for survivors to overcome sleep difficulties. Differences in sample populations could also explain our data. Our survey targeted victims staying at home; the prevalence of sleep difficulties in these individuals might differ from those staying in temporary shelters. A systematic review of the postdisaster relocation literature suggested that relocated individuals are more likely to experience psychological morbidity postdisaster, although some results were inconsistent. 33 Another study reported that increased distance from family and/or friends following an earthquake evacuation was associated with psychological distress. 34 Cumulative stress due to lack of privacy in institutional accommodations, unfamiliar living environments in temporary shelters, and disruption of social networks increased the risk of sleep difficulties in survivors. Moreover, the different definitions of sleep difficulties among these reports, including ours, make it difficult to directly compare the prevalence among studies.
We assessed social and community networks by means of six variables, some of which may have common features. We assumed that the use of variables reflecting various aspects of social and community networks would enable us to determine the aspects of such networks that are related to sleep difficulties. Our data showed that two variables related to social and community network (not having pleasure in life and not having interaction with/visiting neighbors) had significant associations with sleep difficulties which was consistent with previous reports of this association in the general population 23, 35, 36 , although these did not use the same variables related to social and community networks with ours.
We included having pleasure in life in social and community networks because we considered it to be a consequence of participation in such networks. Given that a lack of pleasure in life was associated with sleep difficulties, the presence of pleasure in life may ease psychological distress and loneliness caused by the disaster, which might promote better sleep. Another explanation might be that people with sleep difficulties are more susceptible to a loss of pleasure in life. Because of the cross-sectional design of this study, however, we could not determine cause-and-effect relationships.
On the other hand, interactions with/visiting neighbors had a greater association with sleep difficulties than did other variables related to social and community networks. Especially, interactions with/visiting neighbors and having friends in the neighborhood were both related to ties with neighbors and were significant in the univariate model, but only interactions/visits with neighborhoods but not having friends in the neighborhood was significant in the multivariate model. One of the explanations might be due to the different levels of strength/quality of ties. Given the timing of the survey (6-12 mo after the disaster), victims staying at home could get most goods that were essential to their individual daily lives (food and water); however, some of their houses were scattered widely, and the residents tended to be isolated. In this context, our results related to interaction with/visiting neighbors may suggest that the relatively stronger relationships generated by neighborhoods that enable residents to spend time with others on a face-to-face basis versus the relatively weaker relationships associated with neighborhoods without such characteristics may help victims feel at ease in the community and encourage better sleeping habits, especially during this time period after a disaster. However, further research is needed to examine this issue.
In terms of comparisons between our findings and those of other studies that have targeted disaster-affected populations, Oyama et al. investigated factors associated with psychological distress 3 y after the 2004 Niigata-Chuetsu earthquake in Japan and reported that poor or loss of contact with people in the community was associated with psychological distress. 37 Stanke et al. reviewed the effects of flooding on mental health and found that the psychological needs of survivors were met by people who were close to them and that a smaller proportion of people required specialized mental health care. 38 These studies did not investigate the role of social factors in sleep difficulties, although they may nonetheless be somewhat comparable to our study given that sleep difficulties are closely linked to psychological distress and mental health. Sharing information and feelings, as well as deriving a sense of belonging or security, through social networks in local communities might alleviate anxiety, stress, and sorrow in survivors and reduce vulnerability to sleep difficulties.
Social capital has recently gained attention with regard to disaster responses and the recovery of communities. [39] [40] [41] It is closely linked with social networks and was defined by Putnam as "the social networks and the norms of trustworthiness and reciprocity that arise from them." 42 The Sendai Report, which was developed to support the Sendai Dialogue, a special event on mainstreaming disaster risk management that was hosted by the Japanese government and the World Bank in October 2012, argued for the need to build social capital in communities to promote disaster resilience at the local level. 43 Because sleep difficulties cause psychosocial as well as physical impairment of individuals, if a social network reduces the risk of sleep difficulties, it could help people stay physically, mentally, and socially healthy. We assume that healthier people will strengthen communities' human capital, which will be a driving force in the disaster response and the recovery of communities. Reducing the risk of sleep difficulties after disasters at the individual level would be expected to promote recovery in disasteraffected communities.
In our study, females and people with lower economic status were more likely to report sleep difficulties, which is consistent with previous reports. [16] [17] [18] [19] 44 Contrary to previous studies, 45 however, increased age was not significantly associated with sleep difficulties in our final multivariate analysis. This may be because our survey targeted victims staying at home, and our population included more relatively healthy elderly persons than did other studies. It was surprising that changes in family structure and working status, and the severity of house damage were not significantly associated with sleep difficulties because previous studies did associate those variables with psychological distress. 37, 46, 47 In particular, the Great East Japan Earthquake and Tsunami brought destruction along the Pacific coastline of eastern Japan. It severely damaged a number of fishing ports and aquafarming facilities where many residents were employed and so took them away from their jobs. Thus, we hypothesized that changes in working status would significantly affect sleep difficulties. The lack of association might be due to the time interval between the event and the survey. Furthermore, considering the results of the final model, another explanation for the lack of association might relate to the role of social capital and community networks. Indeed, these may protect against sleep difficulties and override the negative association between sleep difficulties and changes in family structure and/or working status and/ or the severity of house damage. Further research is needed to analyze our results and interpretations.
Limitations
The association between a wide range of social factors and sleep difficulties has not been previously investigated in disaster-affected populations. However, this study has several limitations. First, this study used a cross-sectional design, and so we are unable to determine any causal relationship between social factors and sleep difficulties. Moreover, our survey was conducted 6-12 mo after the earthquake, and so the findings might not be applicable to other periods after a disaster. However, the time period used in the current analysis was relevant to the population studied. Displaced disaster victims must cope with moving to a strange location, but they do not have to cope with housing damage. Alternately, disaster victims who stay at home must cope with housing damage, but they do not need to cope with moving to a strange location. Thus, in both populations, the long-term psychological outcomes are most relevant. Second, our sample population consisted exclusively of disaster-affected victims who stayed at home. Our results, therefore, might not be applicable to other types of victims, such as those staying in temporary shelters or those who moved to other districts to stay in temporary housing. A comparison of social factors associated with sleep difficulties among various populations staying in different types of housing is thus necessary. Third, our sample was selected by a nonrandom method because the purpose of the survey was to urgently assess the needs of victims staying at home. Random sampling is recommended in future studies to verify our findings. Fourth, the presence of sleep difficulties was reported not only by the subject but also by representatives of the household on behalf of the concerned subject, which could bias the results. However, even when we used only those data on the presence of sleep difficulties that concerned the interviewees themselves, the multivariate model showed results similar to those produced by the primary analysis (Table 3) . Fifth, the lack of sleep difficulties data prior to the disaster prevented controlling for predisaster sleep difficulties in the analyses. Sixth, we simply asked the participants if they had sleep difficulties, which might have been an inadequate way to measure this phenomenon. There are various methodologies to identify sleep difficulties (time frame and frequency), 48 and future studies should use multiitem questionnaires to ensure the validity of measurements.
CONCLUSIONS
Despite its limitations, this study has important implications regarding social factors related to sleep difficulties arising in the wake of the Great East Japan Earthquake and Tsunami. Our findings indicate that the lack of pleasure in life and relatively strong networks in the neighborhood, which are potentially modifiable, might have stronger associations with sleep difficulties than do non-or hardly modifiable consequences caused directly by the disaster, such as house damage, changes in family structure, and changes in work status. Efforts to build ties among family members, neighbors, and friends might be one possible way to mitigate vulnerability to sleep difficulties and related adverse health outcomes, improve quality of life, reduce the economic burden to society, and promote recovery of disaster-affected communities. Individuals engaged in the recovery of communities, including policy makers, should consider building social networks and capital as well as physical capital.
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